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Abstract
The excess of highest energy solar-neutrino events recently observed by
Superkamiokande can be in principle explained by anomalously high hep-
neutrino ux 

(hep). Without using SSM calculations, from the solar lumi-




cannot exceed the SSM estimate
by more than a factor three. If one makes the additional hypothesis that hep
neutrino production occurs where the
3
He concentration is at equilibrium,
helioseismology gives an upper bound which is (less then) two times the SSM
prediction. We argue that the anomalous hep-neutrino ux of order of that
observed by Superkamiokande cannot be explained by astrophysics, but rather
by a large production cross-section.
I. INTRODUCTION
In the recent observations of Superkamiokande [1] some excess of high energy solar-
neutrino events was detected. This excess is dicult to interpret as distortion of Boron
neutrino spectrum due to neutrino oscillations [1,2]. It might indicate [3] that the hep
neutrino ux, 















cross-section, the prediction of the hep neutrino ux in the SSM is rather robust. Bahcall
and Krastev [3] estimate this ux as:

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We remark that S
13
is not reliably calculated. In the SSM the value S
SSM
13
= 2:3  10
 20
keV b is used following the most recent calculations by Schiavilla et al [5], though due to
1
complexity of the calculations (see Carlson et al [6], Schiavilla et al. [5]) the uncertainties





< 1:5, according to Ref. [5]. In a short review of the
calculations [3], the authors conclude that from the rst-principle physics it is dicult to
exclude that the cross-section is an order of magnitude larger.
The 3% error in Eq. (1) accounts for the estimated uncertainties in the solar age, chemical
composition, luminosity, radiative opacity, diusion rate and in all nuclear quantites, except
S
13
. This small error follows from the fact that 

(hep) depends rather weakly on all
astrophysical variables such as temperature T , density  and the chemical composition.
Besides, all these quantities, except
3
He abundance, are smooth functions of the radial
distance r in the solar region where most of hep-neutrinos are produced, 0:1 < r=R

< 0:2.




The only exception is
3
He abundance, which radial behaviour is not that smooth. In fact
it increases by an order of magnitude when moving from r = 0:1R






(hep) is sensitive to the
3
He distribution, see Figs.4.2 and 6.1 of [4]. This abundance is
not limited by helioseismic data and in non-standard models it can be, in principle, high in
the hep-neutrinos production zone.
We have thus analyzed the astrophysical uncertainties in the ux of hep neutrinos in an





from the solar-luminosity constraint. In Section III we impose the more restrictive assump-
tion of local
3
He equilibrium in the hep-neutrino production zone and use the helioseismic
constraints.
II. THE SOLAR-LUMINOSITY CONSTRAINT
The production rate Q

(hep) for the hep neutrinos and the solar-luminosity constraint


























































f(E; T ) is the normalized Maxwell distribution function, n
i
is the number density of nuclei
with atomic mass number i, (v)
ij
is the reaction rate between nuclei i and j, and the







He+ ), and when two
3

































The temperature dependence of the reaction rates (4) can be parametrized as:

ij










where generally speaking T
0
is an arbitrary temperature scale. We shall x T
0
at the position










(this latter rounded to the nearest integer) are given in Table I. They are calculated
using the values of astrophysical S-factors given in Ref. [7] and for T
0
= 1:336  10
7
K. Note
that uncertainties in 
ij



























































One can see that the integrand in the lhs of Eq.(7) is dierent from that of Eq.(2) only by













is the minimum temperature in the hep-production zone. In the SSM at the
temperature T
min
= 7  10
6
K (corresponding to r=R

= 0:3) the probability for a proton to

































) and D is the distance between Sun and Earth.
Note that the weak inequality (7) has turned into a stronger inequality (8) due to sub-
stitution T (r)! T
min
in lhs of Eq.(7), while actually one should use T (r)!< T >.


















a factor three larger than in the SSM calculations, Eq.(1).
III. LOCAL
3
HE EQUILIBRIUM AND HELIOSEISMOLOGY
A more restrictive upper bound can be obtained from helioseismic constraints, with an
additional assumption that hep neutrinos are produced in a region where the
3
He concen-














T (r) : (10)
Putting n
3































In the energy production zone, the equation of state (EOS) for the solar interior can be
approximated, with an accuracy better than 1% , by the EOS of a fully ionized classical
perfect gas:











where P denotes the pressure and k
B


























It is known [8] that inverting helioseismic data one can derive the (isothermal) sound
speed squared, u = P= and  with an accuracy of 1% or better for all r=R

of interest.
This implies that also pressure P is known with a comparable accuracy. Since SSMs are in
agreement with helioseismology, one can use the SSM-calculated pressure P (r) to evaluate


















This upper bound is (less then) two times the SSM prediction.













The rst term on rhs of Eq.(15) is determined by helioseismic measurements and thus can
be taken as in the SSM. Temperature prole T (r) cannot dier from that of the SSM more
than by 2 { 3%. Then [X(r)T (r)]
2
, the only unknown function in the integral (11), can








directly from the solar-luminosity con-
straint. It is only three times the SSM prediction. If one additionally assumes that hep
neutrino production occurs in the region where the
3
He concentration is at local equilibrium,
4
helioseismology provides a formal upper bound (less than) two times the SSM prediction.




can be only a few percent higher than in the
SSM. Our limits can be violated only in very exotic models of non-stationary sun with non-
stationary transport of
3
He in the inner core from outside. This transport should not be





the seismically observed sound speed in the inner core will be aected. We doubt that such
models can be constructed.
In principle, the hep-neutrinos can be resolved in the high precision experiments. We
argue that the anomalous hep-neutrino ux of order of that observed by Superkamiokande
cannot be explained by astrophysics, but rather by a large production cross-section.
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TABLE I. Parameters of the reaction rates (6)
i,j 
ij

ij
[cm
3
s
 1
]
1,1 8.34 10
 44
4
1,3 4.31 10
 47
8
3,3 5.88 10
 35
16
7
